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METHOD 7D - DETERMINATION OF NITROGEN OXIDE
EMISSIONS FROM STATIONARY SOURCES

(ALKAL INE-PERMANGANATE/ 10N CHROMATOGRAPHIC METHOD)

NOTE: This method is not inclusive with respect to
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanmpling and analytical) essential to its
performance. Sone material is incorporated by reference
fromother nmethods in this part. Therefore, to obtain
reliable results, persons using this nethod should have a
t hor ough knowl edge of at | east the follow ng additional test
met hods: Method 1, Method 3, Method 6, Method 7, and Met hod
7C.

1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No. Sensitivity
Ni t rogen oxi des (NQ), 7 ppnv
as NO,, including: 10102-43-9

Nitric oxide (NO 10102-44-0

Ni t rogen di oxi de

(NO)

1.2 Applicability. This nmethod applies to the
measurenent of NQ em ssions fromfossil-fuel fired steam
generators, electric utility plants, nitric acid plants, or

ot her sources as specified in the regul ations.



721

1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method.

An integrated gas sanple is extracted fromthe stack
and passed through inpingers containing an al kal i ne-
pot assi um per manganat e sol ution; NQ (NO + NGO, em ssions
are oxidized to NO;y. Then NOy is analyzed by ion
chr omat ogr aphy.

3.0 Definitions. [Reserved]
4.0 Interferences.

Sanme as in Method 7C, Section 4.0.
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
met hod to establish appropriate safety and health practices
and to determne the applicability of regulatory Iimtations
prior to performng this test nethod.

5.2 Corrosive reagents. The followi ng reagents are
hazardous. Personal protective equi pnent and safe
procedures are useful in preventing chem cal splashes. |If

contact occurs, imrediately flush with copi ous anmounts of
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water for at least 15 mnutes. Renove clothing under shower
and decontam nate. Treat residual chem cal burns as thernal
burns.

5.2.1 Hydrogen Peroxide (H0O). Irritating to eyes,
skin, nose, and lungs. 30%H,O is a strong oxidi zing
agent; avoid contact wth skin, eyes, and conbustible
material. War gl oves when handli ng.

5.2.2 Sodium Hydroxide (NaCH). Causes severe danage
to eye tissues and to skin. Inhalation causes irritation to
nose, throat, and lungs. Reacts exothermcally with l[imted
amounts of water.

5.2.3 Potassium Permanganate (KvhQ,). Caustic
strong oxidizer. Avoid bodily contact wth.

6.0 Equipment and Supplies.

6.1 Sanple Collection and Sanpl e Recovery. Sane as
Met hod 7C, Section 6.1. A schematic of the sanpling train
used in performng this nmethod is shown in Figure 7C1 of
Met hod 7C

6.2 Sanple Preparation and Anal ysis.

6.2.1 Magnetic Stirrer. Wth 25- by 10-nmm Tefl on-
coated stirring bars.

6.2.2 Filtering Flask. 500-m capacity with sidearm

6.2.3 Buchner Funnel. 75-mmID, with spout equipped

with a 13-mm I D by 90-nmm | ong piece of Teflon tubing to
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m nimze possibility of aspirating sanple solution during
filtration.

6.2.4 Filter Paper. Watman GF/C, 7.0-cm di aneter.

6.2.5 Stirring Rods.

6.2.6 Volunetric Flask. 250-m.

6.2.7 Pipettes. Cass A

6.2.8 Erlenneyer Flasks. 250-m.

6.2.9 lon Chromatograph. Equipped with an anion
separator colum to separate NO;, H" suppressor, and
necessary auxiliary equi pnent. Nonsuppressed and ot her
forms of ion chronmatography may al so be used provided that
adequate resolution of NO; is obtained. The system nust
al so be able to resolve and detect NO, .

7.0 Reagents and Standards.

NOTE: Unless otherwi se indicated, it is intended that
all reagents conformto the specifications established by
the Commttee on Anal ytical Reagents of the Anerican
Chem cal Society, where such specifications are avail abl e;
ot herwi se, use the best avail abl e grade.

7.1 Sanple Collection.

7.1.1 Water. Deionized distilled to conformto ASTM
specification D 1193-77 or 91 Type 3 (incorporated by
reference - see 860.17).

7.1.2 Potassium Permanganate, 4.0 Percent (ww),
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Sodi um Hydr oxide, 2.0 Percent (ww). Dissolve 40.0 g of
KMhO, and 20.0 g of NaOH in 940 m of water.

7.2 Sanple Preparation and Anal ysis.

7.2.1 Water. Sanme as in Section 7.1.1.

7.2.2 Hydrogen Peroxide (HGO), 5 Percent. D lute 30
percent HO, 1:5 (v/v) wth water.

7.2.3 Blank Solution. D ssolve 2.4 g of KMnQ, and
1.2 g of NaOHin 96 m of water. Alternatively, dilute 60
m of KWhQ,/ NaOH solution to 100 ni.

7.2.4 KNO, Standard Solution. Dry KNO, at 110°C for 2
hours, and cool in a desiccator. Accurately weigh 9 to 10 g
of KNO, to within 0.1 ng, dissolve in water, and dilute to 1
liter. Calculate the exact NO; concentration using
Equation 7D-1 in Section 12.2. This solution is stable for
2 nonths w thout preservative under |aboratory conditions.

7.2.5 Eluent, 0.003 M NaHCGO,/ 0.0024 M Na,CO..

Di ssolve 1.008 g NaHCO, and 1.018 g Na,CO, in water, and
dilute to 4 liters. Oher eluents capable of resolving
nitrate ion fromsulfate and ot her species present may be
used.

7.2.6 Quality Assurance Audit Sanples. Sane as
Met hod 7, Section 7.3.10. Wen requesting audit sanples,
specify that they be in the appropriate concentration range

for Method 7D.
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8.0 Sample Collection, Preservation, Transport, and
Storage.

8.1 Sampling. Same as in Method 7C, Section 8.1

8.2 Sample Recovery. Sane as in Method 7C, Section
8. 2.

8.3 Sanple Preparation for Analysis.

NOTE: Sanples must be anal yzed within 28 days of
col | ecti on.

8.3.1 Note the level of liquid in the sanple
contai ner, and determ ne whet her any sanple was |ost during
shiprment. If a noticeable anount of | eakage has occurred,
the volune | ost can be determ ned fromthe difference
between initial and final solution levels, and this val ue
can then be used to correct the analytical result.
Quantitatively transfer the contents to a 1-liter volunetric
flask, and dilute to vol une.

8.3.2 Sanple preparation can be started 36 hours
after collection. This tinme is necessary to ensure that al
NO, is converted to NO;y in the collection solution. Take a
50-m aliquot of the sanple and bl ank, and transfer to 250-
m Erlennmeyer flasks. Add a magnetic stirring bar. Adjust
the stirring rate to as fast a rate as possible w thout |oss
of solution. Add 5 percent HO, in increnents of

approximately 5 ml using a 5-ml pipette. Wien the KWQ,
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col or appears to have been renoved, allow the precipitate to
settle, and exam ne the supernatant liquid. |If the liquid
is clear, the HO, addition is conplete. |[If the KWQ, col or
persists, add nore HO, with stirring, until the
supernatant liquid is clear.

NOTE: The faster the stirring rate, the |ess vol une
of HO, that will be required to renove the KWhQG,.)
Quantitatively transfer the m xture to a Buchner funnel
containing G-/ C filter paper, and filter the precipitate.
The spout of the Buchner funnel should be equipped with a
13-mm I D by 90-nmm | ong piece of Teflon tubing. This
nodi fication mnimzes the possibility of aspirating sanple
solution during filtration. Filter the mxture into a 500-
m filtering flask. Wash the solid material four tines with
water. Wen filtration is conplete, wash the Teflon tubing,
quantitatively transfer the filtrate to a 250-m volunetric
flask, and dilute to volunme. The sanple and bl ank are now
ready for NO; anal ysis.

9.0 Quality Control.

Section Quality Control Measure Effect

8. 2, Sanpl i ng equi pnent Ensure accurate

10. 1-10. 3 | eak-check and measur enent of sanple
cal i bration vol ume

10. 4 Spect r ophot onet er Ensure linearity of
cal i bration spect rophot onet er

response to standards
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Section Quality Control Measure Effect

11.3 Spi ked sanmpl e analysis Ensure reduction
efficiency of colum

11.6 Audit sanpl e anal ysis Eval uat e anal yti cal
t echni que, preparation
of standards

10.0 Calibration and Standardizations.

10.1 Dry Gas Meter (DA System

10.1.1 Initial Calibration. Sanme as in Method 6,
Section 10.1.1. For detailed instructions on carrying out
this calibration, it is suggested that Section 3.5.2 of
Citation 4 in Section 16.0 of Method 7C be consulted.

10.1.2 Post-Test Calibration Check. Sane as in
Met hod 6, Section 10.1. 2.

10.2 Thernoneters for DGV and Baroneter. Sanme as in
Met hod 6, Sections 10.2 and 10.4, respectively.

10.3 1on Chromat ograph.

10.3.1 Dilute a given volunme (1.0 ml or greater) of
t he KNGO, standard solution to a convenient volume wth
water, and use this solution to prepare calibration
standards. Prepare at |east four standards to cover the
range of the sanples being analyzed. Use pipettes for al
additions. Run standards as instructed in Section 11.2.
Det erm ne peak height or area, and plot the individual
val ues versus concentration in pg NOy/ .

10.3.2 Do not force the curve through zero. Draw a
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snoot h curve through the points. The curve should be |inear.
Wth the |inear curve, use |inear regression to determ ne
the calibration equation.
11.0 Analytical Procedures.

11.1 The follow ng chronat ographic conditions are
recomrended: 0.003 M NaHCO,/ 0. 0024 Na,CO, el uent sol ution
(Section 7.2.5), full scale range, 3 pvMHO sanple loop, 0.5
m; flowrate, 2.5 mM/mn. These conditions should give a
NGO, retention time of approximately 15 m nutes (Figure
7D-1).

11.2 Establish a stable baseline. |Inject a sanple of
wat er, and determ ne whet her any NO, appears in the
chromatogram |If NOy is present, repeat the water
| oad/injection procedure approximately five tines; then re-
inject a water sanple and observe the chromatogram \Wen no
NGO, is present, the instrunent is ready for use. |Inject
calibration standards. Then inject sanples and a bl ank.
Repeat the injection of the calibration standards (to
conpensate for any drift in response of the instrunent).
Measure the NO,; peak height or peak area, and determ ne the
sanpl e concentration fromthe calibration curve.

11.3 Audit Analysis. Sanme as in Method 7, Section
11. 4.

12.0 Data Analysis and Calculations.
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Carry out calculations, retaining at | east one extra
significant figure beyond that of the acquired data. Round
off figures after final calculation.

12.1 Nomenclature. Sane as in Method 7C, Section
12. 1.

12.2 NO; concentration. Calculate the NOy
concentration in the KNO, standard sol ution (see Section
7.2.4) using the follow ng equation:

ug NO,
m

62. 01
101. 10

= g of KNO,x103%x Eq-. 7D-1

12.3 Sample Volume, Dry Basis, Corrected to Standard
Conditions. Same as in Method 7C, Section 12.4.

12.4 Total pg NO, Per Sanple.

1000, , 46. 01

= 250 S-B
m (5o5) (5201 (5P
Eq. 7D-2

= 3710(S-B)
wher e:
250 = Vol une of prepared sanple, m.
1000 = Total volunme of KWhQ, solution, nl.
50 = Aliquot of KWMhQ/ NaCOH solution, nl.
46.01 = Mol ecul ar wei ght of NGO, .

62.01 = Ml ecular weight of NO.

12.5 Sanple Concentration. Sane as in Method 7C,
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Section 12.7.
13.0 Method Performance.

13.1 Precision. The intra-laboratory relative standard
deviation for a single neasurenent is approximately 6
percent at 200 to 270 ppm NQ.

13.2 Bias. The nmethod does not exhibit any bias
relative to Method 7.

13.3 Range. The |lower detectable Ilimt is simlar to
that of Method 7C. No upper |limt has been established;
however, when using the recommended sanpling conditions, the
met hod has been found to collect NQ em ssions
guantitatively up to 1782 ng NQ/n¥, as NO, (932 ppm NQ).
14.0 Pollution Prevention. [ Reserved]

15.0 Waste Management. [ Reserved]
16.0 References.

Same as Method 7C, Section 16.0, References 1, 2, 4, and

5.

17.0 Tables, Diagrams, Flowcharts, and Validation Data.
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Time, min

Figure 7D-1. 1lon Chromatograph of a Prepared Sample.



